Introduction Observations and Computations of Higher Energy
Collective (19 msec after injection), independent of shorting or not shorting the cavities, which is to be expected. We also observe that the horizontal beam size increases at high energy, and that the increase is more pronounced when 4 cavities are not shorted.
The measured beam size with cavities not shorted is compared with the ca lculated value, obtained by adding quadratically the contribution of the momentum spread and the horizontal emittance. The momentum spread was inferred from the measured bunch length and the known rf parameters . For the betatron beam size, we have assumed a constant normalized emittance of B " mm-mrad. The good agreement between the two curves indicates that, at this intensity, no betatron blow up occurs, and that the longitudinal instability only is responsible for the observed increase of beam size.
In Fig . 2 Beam size and bunch length measurements were also made at a higher injected beam intensity . Five turns injection was used, giving 3x10 12 injected protons into the Booster, of which 2.2x10 12 survived past transition. Fig. 4 shows the measured and predicted beam sizes at various times in the cycle. The measured beam size is denoted by the legend "sextupo1es on, measured", to differentiate it from similar measurements in which the horizontally correcting chromaticity sextupo1es were turned off. Table 1 lists the frequencies, shunt impedances (for the total 18 cavities) and Q's. The above values were measured with a fully biased ferrite current. Thus, The growth times of the instability are fast, much shorter than a msec.
These results provide an useful indication for the specifications of feedback systems and the synchrotron frequency spread required to damp the instabilities .
The beam current threshold for the single bunch longitudinal microwave instability driven by the parasitic modes in the rf cavities has also been computed and found to be, in the worst case, of the order of 2.BxlO ll protons per bunch, much higher than the maximum circulating beam current in the Booster. It must be noted, however, that no information is available (at lea s t to us) on the broad -band impedance of the ring caused by other d"istributed cavity-like objects, which should be added to the contribution of the rf cavities.
2 Transverse instabilities
No information is available on the transverse deflecting modes of the Booster cavities . The computer code URMEL has been used to compute these modes (Ref.
3). Table 2 contains a list of the resonant frequencies predicted by URMEL . The result of the ZAP study is that the rise times of the transverse coupled bunch oscillations are much longer than the acceleration time, with the sole exception of a short time interval around transition energy , where a growth time of 6 msec is predicted at the intensity of 2.5x10 12 protons for the rigid dipole mode when the chromaticity is not corrected . A zero chromaticity raises the growth time to 10 msec . For the higher order modes, the rise times are of the same order or longer than the acceleration time, regardless of whether the chromaticity has been corrected or not.
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The growth times of the single bunch instabili~ies (head tail modes) have also been computed, and found to be much longer (tens of milliseconds) than the acceleration time at all energies. Finally, the transverse microwave instability has a current threshold even higher than the longitudinal one discussed earlier on , and is far above the maximum circulating current in the Booster. Lowering the shunt impedance of the parasitic modes should achieve, for it to be effective, a shunt impedance reduction of at least a factor of 30. • " . . •
